Both aerobic exercise level and body composition are associated with aging. In addition, lower aerobic exercise level and excess of body fat are risk for atherosclerosis. Therefore, the link between maximal oxygen uptake and anthropometric, body composition parameters was investigated. Subjects and Methods: We used data for 300 Japanese (150 men: 44.2±14.1 years, 150 women: 44.4±14.1 years) in a cross sectional analysis. Maximal oxygen uptake was measured by breath-by-breath method and body composition was evaluated by dual energy X-ray absorptiometry (DEXA). Results: Maximal oxygen uptake was significantly decreased with age over the age of 40. Body fat percentage measured by DEXA was significantly correlated with maximal oxygen uptake (men: r=-0.622, women: r=-0.604). In addition, the significant relationships between body fat percentage and clinical parameters i.e. triglyceride, high density lipoprotein (HDL) cholesterol, blood sugar, insulin and homeostasis model assessment (the HOMA index) were also noted. Conclusion: Lower maximal oxygen uptake may be characteristic in subjects with higher body fat percentage and aerobic exercise should be recommended for preventing lifestyle-related disease.
Introduction
Regular physical activity has been shown to increase high density lipoprotein (HDL) cholesterol and reduce resting blood pressure, triglycerides, abdominal fat, fasting blood sugar, and insulin responses to oral glucose challenge test [1] [2] [3] [4] [5] . Some cross sectional studies show that metabolic syndrome is significantly correlated with physical fitness [6] [7] [8] . In addition, Sandvik L et al. reported that physical fitness was a graded, independent, long-term predictor of mortality from cardiovascular causes in healthy, middle-aged men 9) .
Maximal oxygen uptake is generally considered an accurate and reliable parameter. In the Exercise and Physical Activity Reference for Health Promotion 2006, established by the Ministry of Health Labour and Welfare Japan in 2006, maximal oxygen uptake was considered to be the most significant element of physical fitness related to health promotion and the recommended reference value for maximal oxygen uptake to prevent lifestylerelated disease was reported 10) . In general, maximal oxygen uptake is considered to reduce with aging and lower maximal oxygen uptake is characteristic in subjects with lifestyle-related disease i.e. metabolic syndrome and also in subjects without exercise habits. Body composition i.e. visceral fat accumulation and excess of body fat is closely linked to metabolic syndrome and accelerated the atherosclerosis 11) . Taken together, maximal oxygen uptake may be useful marker of aging and body composition may Nobuyuki Miyatake 1) , Motohiko Miyachi 2) , Izumi Tabata 2) , Takeyuki Numata measured by using the glucose-oxidant method. The insulin resistance was evaluated using the homeostasis model assessment, the HOMA index [fasting plasma glucose (mg/dl) fasting serum insulin (µU/ml)/405], according to the method developed by Matthews et al 15) .
Blood Pressure Measurements
Blood pressure of each participant was measured after resting at least 15 minutes in the sitting position.
Exercise testing
Maximal oxygen uptake was measured using a maximal graded exercise test with bicycle ergometers (Excalibur V2.0, Lode BV, Groningen, Netherlands). The initial work load was 30-60 watt, and the work rate was increased thereafter by 15 watt/min until the subject could not maintain the required pedaling frequency (60 rpm) 16) . During the latter stages of the test, each subject was verbally encouraged by the test operators to give a maximal effort. In addition, ECG was monitored continuously together with the recording of heart rate (HR). Expired gas was collected and rates of oxygen consumption (VO2) and carbon dioxide production (VCO2) were measured breath-by-breath using a cardiopulmonary gas exchange system (Oxycon Alpha, Mijnhrdt b.v., Netherlands). Achievement of maximal oxygen uptake was accepted if two of the following conditions were met: subject's maximal HR was > 95% age-predicted maximal HR (220 -age), and the VO2 curve showed a leveling off.
Statistical Analysis
Data are expressed as mean ± standard deviation (SD) values. A comparison of parameters was performed by ANOVA and Scheffe's F test: p<0.05 was considered to be statistically significant. The Pearson's correlation coefficients were calculated to test for the significance of the linear relationship among continuous variables. Further more stepwise multiple regression analysis was performed to determine what factors correlated with maximal oxygen uptake. Statistical analysis was performed with Statview 5.0 (SAS Institute Inc., Cary, NC).
Subjects and Methods

Subjects
We used data for 150 Japanese men and 150 Japanese women, aged 20-69 years, at Okayama Southern Institute of Health with written informed consent ( Table 1) . No subjects received any medications for diabetes, hypertension, and/or dyslipidemia.
Ethical approval for the study was obtained from the Ethical Committee of Okayama Health Foundation.
Anthropometric Measurements
The anthropometric measurements were performed by using the following parameters such as height, body weight, body mass index (BMI), abdominal circumference and hip circumference. BMI was calculated by weight/[height] 2 (kg/m 2 ). The abdominal circumference was measured at the umbilical level and the hip circumference was measured at the widest circumferences over the trochanter in standing subjects after normal expiration 1,5) .
Body Composition Measurements
Body composition was measured by dual energy X-ray absorptiometry (DEXA) (QDR4500, Hologic Inc., Waltham, MA, USA), which is used as accurate standard 12) . The DEXA measurement consisted of a whole body scan using an array beam 13) . Subjects removed all metal objects and were positioned in the supine position with hands placed prone on either side of the body and with legs held 10 cm apart according to the specifications of the manufacturer. All scans were analyzed according to manufacturer's instructions 14) .
Blood Sampling and Hormone Assays
After subjects fasted overnight for 10 to 12 hours, we collected blood samples in order to determine serum levels of HDL cholesterol, triglycerides (L Type Wako Triglyceride • H, Wako Chemical, Osaka), insulin and plasma glucose. Serum insulin was measured by immunoradiometric assay (IRMA) using INSULIN RIABEAD II (DAINABOT, Tokyo, Japan). Plasma glucose was 
Results
Maximal oxygen uptake as classified into age groups was summarized in Table 2 . Maximal oxygen uptake was significantly decreased with age over the age of 40 in both sexes.
We evaluated the relationship between maximal oxygen uptake and clinical parameters i.e. age, anthropometric and body composition parameters (Table 3) . Maximal oxygen uptake was significantly correlated with age (men: r=-0.559, women: r=-0.549). Maximal oxygen uptake was negatively correlated with body weight, BMI, body fat percentage, body fat and abdominal circumference and positively correlated with lean body mass and muscle mass in both sexes. In women, weak relationship between maximal oxygen uptake and hip circumference was also noted. Correlation coefficient rate between maximal oxygen uptake and body fat percentage was highest (men: r=-0.622, women: r=-0.604) (Figure 1) To exclude the effect of aging on both maximal oxygen uptake and body fat percentage, we further evaluated the relationship between maximal oxygen uptake and body fat percentage as classified by age group ( We investigated the link between body fat percentage measured by DEXA and clinical parameters ( Table 5) . Body fat percentage was weakly correlated with triglyceride, log triglyceride, HDL cholesterol, blood sugar, insulin and the HOMA index in both sexes. In women, body fat percentage was also weakly correlated with systolic and diastolic blood pressure.
It is well known that abdominal obesity is closely linked to hypertension, dyslipidemia and glucose intolerance. Therefore, we also investigated the link between abdominal circumference and clinical parameters (Table 6 ). Abdominal circumference was also weakly correlated with triglyceride, log triglyceride, HDL cholesterol, blood sugar, insulin and the HOMA index in both sexes. In women, abdominal circumference was weakly correlated with systolic blood pressure. However, correlation coefficient rates between body fat percentage measured by DEXA and clinical parameters, except blood sugar in men, were higher than those between abdominal circumference and clinical parameters.
Discussion
In this study, maximal oxygen uptake was closely linked to body fat percentage measured by DEXA in Japanese.
DEXA is a technique applied to body composition assessment and was originally used for the measurement of total body bone mineral or the lumber spine bone mineral content 12) . It is thought to be a suitable method for in-vivo measurements. A low radiation dosage enables us to repeat the trials and was useful for monitoring the changes in body composition i.e. body fat percentage and muscle mass. However, it is expensive, bulky and is not suitable for field studies.
It has been well reported that there is significant loss in oxygen uptake at ventilatory threshold (VT), which is also considered accurate and reliable parameter of aerobic exercise level 17) , with aging 18,19) . Miura reported that oxygen uptake at VT was significantly correlated with age (men: r=-0.626, women: r=-0.578) in 610 Japanese 18) . Sanada et al reported that negative correlation was noted between oxygen uptake at VT and age in 1463 Japanese 19) . There are few reports of maximal oxygen uptake, which was directly measured, in healthy Japanese. Ohta et al reported that maximal oxygen uptake was significantly decreased with age in 832 apparently healthy subjects 20) and single regression formula were y (ml/kg/min) = 46.6 -0.36 age (r=0.447) in men and y = 35.3 -0.23 age (r=0.407) in women. In this study, age-related decreasing of maximal oxygen uptake was noted as previous studies in Japanese without taking any medications. This mean value also promises us one of quite useful database for evaluating maximal oxygen uptake in Japanese subjects.
In some literature, the relationship between maximal oxygen uptake and body composition was reported. Significant relationships between maximal oxygen uptake and body fat percentage were noted in Japanese junior high school boys and girls 21) , Danish women 22) and African-American adolescents 23) . Although we could not infer causality between maximal oxygen uptake and body fat percentage, an excess of body fat, which is expressed as body fat percentage (%), may be an excess weight and plays a critical role for determining maximal oxygen uptake. In this study, we found that body fat percentage measured by DEXA was closely linked to maximal oxygen uptake. In addition, the correlation coefficient rates between body fat percentage and clinical parameters of blood examination were higher than those between abdominal circumference and clinical parameters. These suggest that body fat percentage measured by DEXA may be one of good predictor for estimating maximal oxygen uptake in Japanese.
Potential limitations still remain in this study. First, we could not demonstrate the mechanism the link between maximal oxygen uptake and body fat percentage measured by DEXA. Second, we have previously reported that visceral adipose tissue area was negatively correlated with oxygen uptake at VT (r=-0.400) 24) and we could not directly measure visceral fat area by computed tomography (CT) in this study. Although correlation coefficient rate between maximal oxygen uptake and body fat percentage measured by DEXA was higher than that between maximal oxygen uptake and abdominal circumference and that between oxygen uptake at VT and visceral fat area in our previous report, comparison between body fat percentage measured by DEXA and visceral fat area directly measured by CT is urgently required to determine what factors correlated with maximal oxygen uptake. Third, body fat percentage measured by DEXA is less feasible for use in certain clinical applications because of the cost of and technical requirements for its use. Therefore, the relationship between maximal oxygen uptake and body fat percentage measured by other method i.e. impedance method also must be evaluated. Table 6 Simple correlation analysis between abdominal circumference and clinical parameters
In conclusion, we found that body fat percentage measured by DEXA was closely related to maximal oxygen uptake. Lower aerobic exercise level may be characteristic in subjects with higher body fat percentage and aerobic exercise should be recommended. Maximal oxygen uptake may be important marker for preventing and improving lifestyle-related disease in addition to aging and aerobic exercise level.
Acknowledement
This research was supported in part by Research Grants from the Ministry of Health, Labor, and Welfare, Japan (19160101). 
